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CLAIMS 



What is claimed is: 



10 



15 



20 



25 



1 . An electronic system, comprising: 
a first set of circuit boards; 
a second set of circuit boards; and 

a backplane interconnect system including a first backplane interconnect 
configured to carry first electrical backplane signals among the first set of circuit 
boards, a second backplane interconnect configured to carry second electrical 
backplane signals among the second set of circuit boards, and a backplane 

coupling assembly having: 

a first switch attached to the first backplane interconnect, 
the first switch being configured to convey at least some of the first 
electrical backplane signals between circuit boards of the first set 

of circuit boards, 

a second switch attached to the second backplane 
interconnect, the second switch being configured to convey at least 
some of the second electrical backplane signals between circuit 
boards of the second set of circuit boards, and 

a fiber optic cable joining the first and second switches 
together, the first and second switches being configured to 
exchange fiber optic signals through the fiber optic cable to operate 
as a cohesive backplane interconnect system between the first and 
second sets of circuit boards. 
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2. The electronic system of claim 1 wherein the first switch includes (i) an electrical 
connector configured to engage a backplane connector of the first backplane 
interconnect and (ii) an optical interface, wherein the second switch includes (i) an 
electrical connector configured to engage a backplane connector of the second 
backplane interconnect and (ii) an optical interface, and wherein the fiber optic 
cable connects the optical interface of the first switch to the optical interface of 
the second switch. 

3. The electronic system of claim 2 wherein the first switch further includes first 
switching circuitry configured to operate under a Dense Parallel Optics 
communications protocol, wherein the second switch further includes second 
switching circuitry configured to operate under the Dense Parallel Optics 
communications protocol, and wherein the fiber optic cable is configured to carry 
signals in accordance with the Dense Parallel Optics communications protocol 
between the first and second switching circuitry. 

4. The electronic system of claim 1 wherein the first switch is a multi-port switch 
having at least four ports coupled to respective circuit boards of the first set of 
circuit boards, at least four more ports coupled to other switches attached to the 
first backplane interconnect, and at least two ports coupled to the fiber optic cable; 
and wherein the second switch is another multi-port switch having at least four 
ports coupled to respective circuit boards of the second set of circuit boards, at 
least four more ports coupled to other switches attached to the second backplane 
interconnect, and at least two ports coupled to the fiber optic cable. 



5. 



The electronic system of claim 1 wherein the first and second sets of circuit 
boards are configured to operate together as a consolidated data storage system 
that performs data storage operations on behalf of a set of external hosts. 
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6. 



10 



The electronic system of claim 5 wherein the first switch further includes first 
switching circuitry, wherein the second switch further includes second switching 
circuitry, and wherein the first and second switching circuitry is configured to 
exchange packet-based data storage signals through the fiber optic cable. 

7. The electronic system of claim 5, further comprising: 

a first card cage assembly which is configured to (i) mount to a standard 
rack mount frame, (ii) support the first backplane interconnect, and (iii) provide 
substantially parallel slots for aligning the first set of circuit boards with the first 

backplane interconnect; and 

a second card cage assembly which is configured to (i) mount to the 
standard rack mount frame, (ii) support the second backplane interconnect, and 
(iii) provide substantially parallel slots for aligning the second set of circuit boards 
with the second backplane interconnect, the backplane coupling assembly being 
configured to extend from the first card cage assembly to the second card cage 
assembly to provide communications therebetween. 

8. The electronic system of claim 5, further comprising: 
20 a first enclosure which is configured to house the first backplane 

interconnect and the first set of circuit boards; and 

a second enclosure which is configured to house the second backplane 
interconnect and the second set of circuit boards, the backplane coupling assembly 
being configured to extend from the first enclosure to the second enclosure to 
25 provide communications therebetween. 



15 
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9. The electronic system of claim 5 wherein the first switch further includes first 
switch-based communications processing circuitry within a single, 
optically-enabled integrated circuit package disposed at a first end of the fiber 
optic cable, and wherein the second switch further includes second switch-based 
communications processing circuitry within another single, optically-enabled 
integrated circuit package disposed at a second end of the fiber optic cable. 



10. 



The electronic system of claim 5 wherein the first switch further includes first 
switch-based communications processing circuitry disposed on a card configured 
to attach to the first backplane interconnect, and wherein the second switch further 
includes second switch-based communications processing circuitry disposed on 
another card configured to attach to the second backplane interconnect. 
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1 1 A backplane interconnect system, comprising: 

a first backplane interconnect configured to carry first electrical backplane 

signals among a first set of circuit boards; 



a i 



second backplane interconnect configured to carry second electrical 
5 backplane signals among a second set of circuit boards; and 

a backplane coupling assembly having: 

a first switch attached to the first backplane interconnect, 
the first switch being configured to convey at least some of the first 
electrical backplane signals between circuit boards of the first set 

10 of circuit boards, 

a second switch attached to the second backplane 
interconnect, the second switch being configured to convey at least 
some of the second electrical backplane signals between circuit 
boards of the second set of circuit boards, and 
{ 5 a fiber optic cable joining the first and second switches 

together, the first and second switches being configured to 
exchange fiber optic signals through the fiber optic cable to operate 
as a cohesive backplane interconnect system between the first and 
second sets of circuit boards. 

20 
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12. A backplane coupling assembly for coupling a first backplane interconnect to a 
second backplane interconnect, the first backplane interconnect being configured 
to carry first electrical backplane signals among a first set of circuit boards, the 
second backplane interconnect being configured to carry second electrical 
backplane signals among a second set of circuit boards, the backplane coupling 

assembly comprising: 

a first switch which, when the backplane coupling assembly is attached to 
the first and second backplane interconnects, is configured to convey at least some 
of the first electrical backplane signals between circuit boards of the first set of 
circuit boards; 

a second switch which, when the backplane coupling assembly is attached 
to the first and second backplane interconnects, is configured to convey at least 
some of the second electrical backplane signals between circuit boards of the 
second set of circuit boards; and 

a fiber optic cable joining the first and second switches together, the first 
and second switches being configured to exchange fiber optic signals through the 
fiber optic cable to form a cohesive backplane interconnect system between the 
first and second sets of circuit boards when the backplane coupling assembly is 
attached to the first and second backplane interconnects. 



13. 



The backplane coupling assembly of claim 12 wherein the first switch includes (i) 
an electrical connector configured to engage a backplane connector of the first 
backplane interconnect and (ii) an optical interface, wherein the second switch 
includes (i) an electrical connector configured to engage a backplane connector of 
the second backplane interconnect and (ii) an optical interface, and wherein the 
fiber optic cable connects the optical interface of the first switch to the optical 
interface of the second switch. 
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14 The backplane coupling assembly of claim 13 wherein the first switch further 
includes first switching circuitry configured to operate under a Dense Parallel 
Optics communications protocol, wherein the second switch further includes 
second switching circuitry configured to operate under the Dense Parallel Opfics 
5 communications protocol, and wherein the fiber optic cable is configured to carry 

signals in accordance with the Dense Parallel Optics communications protocol 
between the first and second switching circuitry. 

15 The backplane coupling assembly of claim 13 wherein the first switch further 
10 includes first switching circuitry, wherein the second switch further includes 

second switching circuitry, and wherein the first and second switching circuitry is 
configured to exchange packet-based data storage signals through the fiber optic 
cable. 



15 
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16. A method for coupling a first backplane interconnect to a second backplane 
interconnect, the first backplane interconnect being configured to carry first 
electrical backplane signals among a first set of circuit boards, the second 
backplane interconnect being configured to carry second electrical backplane 
signals among a second set of circuit boards, the method comprising: 

attaching a first switch of a backplane coupling assembly to the first 
backplane interconnect, and a second switch of the backplane coupling assembly 
to the second backplane interconnect, a fiber optic cable of the backplane coupling 
assembly joining the first and second switches together; 

enabling the first switch to convey at least some of the first electrical 
backplane signals between circuit boards of the first set of circuit boards, and the 
second switch to convey at least some of the second electrical backplane signals 
between circuit boards of the second set of circuit boards; and 

directing the first and second switches to exchange fiber optic signals 
through the fiber optic cable to form a cohesive backplane interconnect system 
between the first and second sets of circuit boards. 

17. The method of claim 16 wherein the first switch includes an electrical connector 
and an optical interface, wherein the second switch includes an electrical 
connector and an optical interface, wherein the fiber optic cable connects the 
optical interface of the first switch to the optical interface of the second switch, 
and wherein attaching includes: 

plugging the electrical connector of the first switch onto a backplane 
connector of the first backplane interconnect and the electrical connector of the 
second switch onto a backplane connector of the second backplane interconnect. 
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18 The method of claim 17 wherein the first switch further includes first switching 
circuitry configured to operate under a Dense Parallel Optics communications 
protocol, wherein the second switch further includes second switching circuitry 
configured to operate under the Dense Parallel Optics communications protocol, 
and wherein directing the first and second switches to exchange the fiber optic 
signals through the fiber optic cable includes: 

causing the fiber optic cable to carry signals in accordance with the Dense 
Parallel Optics communications protocol. 



10 19. 



15 



The method of claim 16 wherein directing the first and second switches to 
exchange the fiber optic signals through the fiber optic cable includes: 

operating the first and second sets of circuit boards together as a 
consolidated data storage system that performs data storage operations on behalf 
of a set of external hosts. 

20. The method of claim 19 wherein the first backplane signals are packet-based 
communications among the first set of circuit boards, wherein the second 
backplane signals are packet-based communications among the second set of 
circuit boards, and wherein operating the first and second sets of circuit boards 

20 together includes: 

transporting, as the fiber optic signals exchanged between the first and 
second switches, packet-based data storage communications between the first and 
second sets of circuit boards. 
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21 . A backplane coupling assembly for coupling a first backplane interconnect to a 
second backplane interconnect, the first backplane interconnect being configured 
to carry first electrical backplane signals among a first set of circuit boards, the 
second backplane interconnect being configured to carry second electrical 
5 backplane signals among a second set of circuit boards, the backplane coupling 

assembly comprising: 

a first switch which, when the backplane coupling assembly is attached to 
the first and second backplane interconnects, is configured to convey at least some 
of the first electrical backplane signals between circuit boards of the first set of 

10 circuit boards; 

a second switch which, when the backplane coupling assembly is attached 
to the first and second backplane interconnects, is configured to convey at least 
some of the second electrical backplane signals between circuit boards of the 
second set of circuit boards; and 
15 means for exchanging fiber optic signals between the first and second 

switches to form a cohesive backplane interconnect system between the first and 
second sets of circuit boards when the backplane coupling assembly is attached to 
the first and second backplane interconnects. 



20 
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22. 



10 



A method for scaling a data storage system, the method comprising: 

coupling a first set of directors to a backplane fabric, the first set of 
directors including a set of data storage circuits configured to perform data storage 
operations; 

coupling a set of switches to the backplane fabric, the set of switches and 
the backplane fabric forming a first backplane interconnect configured to connect 
every data storage circuit of the first set of directors with every other data storage 
circuit of the first set of directors; and 

replacing an original switch of the set of switches with an expansion 
switch which is configured to (i) form at least a portion of the first backplane 
interconnect, and (ii) connect the first backplane interconnect to a second 
backplane interconnect which is configured to connect every data storage circuit 
of a second set of directors with every other data storage circuit of the second set 
of directors. 

23 The method of claim 22 wherein another backplane fabric and another set of 
switches forms the second backplane interconnect, and wherein replacing the 

original switch includes: 

fiber optically connecting the backplane fabrics together to form a 
20 cohesive backplane interconnect system between the first and second sets of 

directors. 
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